This study explored premorbid, neurocognitive, behavioral, and familial factors in preschoolers, ages 3-6, who experienced a mild to moderate traumatic brain injury (TBI). Twenty-nine children with TBI, 33 children with mild to moderate injuries to other body regions, and 34 non-injured children participated in the study. Neuropsychological assessments and behavioral measures were administered at the time of hospitalization and 6 months later. In comparison to the non-injury children, preschoolaged children with TBI had higher rates of premorbid behavior difficulties, lower premorbid cognitive functioning, and poorer development of pre-academic skills. In addition, parents of children with TBI reported greater situational issues and life stressors than parents of children in the non-injured group. Some neurocognitive recovery was evident in the TBI group, but no differences were recognized in behavioral and family measures at the 6-month follow-up. This study emphasizes the relative effects of premorbid characteristics in later practice of preschool children who sustain TBI.
TBI. Approximately 100,000-170,000 children are hospitalized each year with a TBI, and six times that visit the emergency room (Eiben et al., 1984; Kraus, Fife, Cox, Ramstein, & Conroy, 1986) . In their 1974 study, Kalsbeck, McLaurin, Harris, & Miller (1980) reported that the direct and indirect costs of pediatric TBI were as much as 348 million dollars per year. These statistics indicate that TBI is a major public health problem, and a significant health-related financial burden (Gotschall, 1993) .
While there is substantial literature on the effects of mild to moderate TBI on school-aged children, relatively little is known about mild to moderate TBI in preschool-aged children. Preschool TBI is a complex condition, which may have different outcomes depending upon the premorbid status of the child, the functional status of the family, and the severity of the injury. Research into the effects of TBI in preschoolers may allow us to understand this common childhood disorder better. To date, the limited literature on the preschool age group has focused primarily on the outcomes of severe TBI, so studies on mild and moderate TBI are greatly needed.
Research into preschool TBI is also important because it promises to further our understanding of the developmental variability of TBI throughout childhood, and perhaps expand our knowledge of the complex interplay between age of injury, severity of injury, and mechanism of injury in acquired childhood brain injury. Both animal and human studies of brain injury suggest that the age at which injury was sustained is a major contributor to eventual outcome. In general, evidence does not support the notion that the young brain is less vulnerable to insult or recovers better than the mature brain. We do not know, however, whether this is true of all ages, etiologies, or severity levels of traumatic injuries. In a review of research on age factors in TBI, Fletcher and Levin (1988) found evidence for greater compromise in children less than 6 years of age. However, the worse outcome in the younger sample may have been colored by a high rate of TBI from abuse. It is now known that abused children may suffer more severe injuries, they may differ from non-abused children prior to the injury, and they tend to have a worse general outcome from traumatic brain injury due to pathophysiological factors unique to abuse (Goldstein, Kelly, Bruton, & Cox, 1993; Michaud, Rivara, Grady, & Reay, 1992; Trickett & Aber, 1991) . When a sub-sample of physically abused children was removed from analyses, younger and older children with severe injury had similar outcomes (Kriel, Krach, & Panser, 1989) . There are other studies not including abuse as a confound, which suggest somewhat worse outcome in younger children equated for severity of injury with older children (Ewing-Cobbs, Levin, Eisenberg, & Fletcher, 1987; Gulbrandsen, 1984; Levin, Eisenberg, Wigg, & Kobayashi, 1982) , especially for preschoolers (Michaud, Rivara, Jaffe, Fay, & Dailey, 1993; Wrightson, McGinn, & Gronwall, 1995) . Wrightson et al. (1995) concluded that preschoolers with severe traumatic brain injury might fare far worse than older children. This may, in part, be due to the latency in symptom manifestation with the deficit taking years to become evident. These late cognitive effects are known as patients "growing into their deficits" (Grattan & Eslinger, 1991; Kolb, 1995) . In a retrospective analysis of school-aged children, Michaud et al. (1993) reported that children in special education classes had a higher incidence of preschool head injury than children in regular classes. Similarly, Gronwall, Wrightson, and McGinn (1997) found that significantly more children who had a history of TBI in the preschool years needed special assistance with reading than children who had no injury prior to beginning school. The first study certainly suggests that younger children with severe injury fare more poorly than older children. The latter two suggest that preschoolers with milder injury fare more poorly as well, but these studies are retrospective in nature, inferring TBI sequelae years after the event. One case study suggested that preschoolers might be vulnerable to mild head injury and show delayed effects. PET and neuropsychological testing documented hypometabolism in both temporal lobes, and verbal and visual memory deficits, respectively, in a young child who sustained whiplash injury in a motor vehicle accident. Staring spells, brief confusional episodes, and emotional outbursts were noted 2 years after injury, and epileptiform activity was documented on EEG 4 years post-trauma (Roberts, Manshadi, Bushnell, & Hines, 1995) .
The age at which the child is injured may also affect the manifestation of cognitive dysfunction. There is increasing evidence that skills in a rapid state of development at injury may be more vulnerable to the effects of severe TBI. Preschoolers are likely to demonstrate compromise in motor and expressive language skills (Ewing-Cobbs, Miner, Fletcher, & Levin, 1989) and school-aged children may be more compromised in reading (Shaffer, Chadwick, & Rutter, 1975) and written language (Ewing-Cobbs et al., 1987) . The results of one retrospective study suggested that preschoolers had greater impairment in reading (Gronwall et al., 1997) .
A prospective study of preschoolers with mild to moderate TBI can help assess whether recovery patterns parallel that of older children and adults, as reported in the literature. Initial cognitive deficit is common in older children, but there is little evidence of sustained neurocognitive or learning deficits in the majority of children (Asarnow et al., 1995; Bawden, Knights, & Winogren, 1985; Bijur & Haslum, 1995; Chadwick, Rutter, Brown, Shaffer, & Traub, 1981a; Gulbrandsen, 1984; Levin et al., 1988) . Again, some of the research suggests that preschoolers may be especially vulnerable even to mild TBI. Rutter, Chadwick, Shaffer, & Brown (1980) have further suggested that many of the deficits evident in children with a history of TBI predated the injury. Studies have documented preexisting developmental difficulties and specific learning problems (Klonoff & Paris, 1974) , language problems (Mahoney et al., 1983) , and lower academic achievement (Chadwick, Rutter, Brown, Shaffer, & Taub, 1981b) in preschoolers who sustain TBI. Demographic risk factors for all childhood injury include poverty, single-family households, and congested living conditions. Psychiatric histories, drug/alcohol histories, and physical illness are found more frequently in the parents of injured children. Unsupervised play is also reported more frequently, which may be directly related to incidence of injury (Chadwick et al., 1981b; Klonoff & Paris, 1974) . It is possible that pre-existing cognitive problems will also affect incidence of injury due to the child's inability to evaluate risks and dangers.
Many studies also suggest the child with traumatic brain injury is more likely to have a history of behavioral disorder (Bijur & Haslum, 1995; Brown, Chadwick, Shaffer, Rutter, & Traub, 1981; Chadwick et al., 1981b; Klonoff, 1971; Klonoff & Paris, 1974) . In a sample of 100 pediatric patients suffering traumatic brain injury, Arffa (1995) found that 55% had a history of either school learning difficulties, behavioral problems, or emotional disturbance. Child behavioral characteristics associated with high traumatic brain injury rates include impulsivity, aggression, and attention seeking behavior. These characteristics might also be seen as proximal causes of injury. Behavioral factors in the toddler are secondary to home environment in the injury equation (Matheny, 1987) . A previous history of traumatic brain injury is also associated with an increased risk of further traumatic brain injury (Annegers, 1983) . Multiple TBI's are strongly related to socioeconomic factors and behavioral characteristics such as hyperactivity and aggression (Bijur & Haslum, 1995) .
Some studies have found an interaction between new behavioral disturbance and TBI severity, but variation among studies occur depending on the criteria used to describe behavior problems or change (Brink, Imbus, & Woo-Sam, 1980; Rivara et al., 1994) . In the studies by Rutter and colleagues, the rate of new psychiatric disorder was three times more common in severely head injured children than in orthopedic injury controls (Brown et al., 1981; Rutter, Chadwick, & Shaffer, 1983) . Behavioral disposition may actually worsen over time in severe injury (Fletcher, Ewing-Cobbs, Francis, & Levin, 1995) . A severity threshold was proposed as psychiatric disorder became much more likely in very severe injury (post-traumatic amnesia for more than 22 days) than in severe (7-21 days of post-traumatic amnesia) or mild injuries. Threshold effects noted in other studies (Levin & Eisenberg, 1979) were lower than that of Brown and Rutter. No significant difference in rate of new psychiatric disorder was observed in children with mild injuries when contrasted with orthopedic control groups (Brown et al., 1981; Fletcher et al., 1990; Rutter et al., 1983) . Pre-injury behavior was found to be related to behavioral outcome in Rutter's studies. Over one-half with a doubtful disorder developed a definable disorder and all had symptoms. A study by Rivara et al. (1993) yielded similar findings, reporting child behavior ratings obtained 1 year after TBI correlated with pre-injury ratings of child behavior.
Family functioning may be an important mediator of behavioral outcome in children with TBI, perhaps more important than neurocognitive function. Brown et al. (1981) found that children from problematic family backgrounds also were at high risk for developing new psychiatric disorders following the injury. Rivara et al. (1992) found that family functioning interacted with premorbid child characteristics. A deterioration of family functioning for children with severe TBI relative to children with mild or moderate TBI was also evident. Taylor et al. (1995) emphasized a link between child behavior problems and family stress, negative life events, and parental psychological symptoms. Perrott, Taylor, & Mantes (1991) proposed that family dysfunction may have adverse effects on subsequent child behavior and adaptation in spite of continuing cognitive recovery.
The present study was designed as a comprehensive exploration of the premorbid states of preschool-aged children with TBI, the immediate cognitive effects of TBI, and the post-acute cognitive and behavioral outcomes of TBI.
Methods

Participants
Participants were recruited from the pediatric trauma units of two local hospitals, and composed a sample of 29 children with mild to moderate TBI and a comparison group of 33 children with mild to moderate injuries to other body regions. Participants in these groups were restricted to those children hospitalized for their injuries. The use of this other injury (OI) comparison group was an attempt to control for the effects of the child and family's state of distress at the time of hospitalization and testing. A second comparison group of 34 noninjured children (NC) was recruited from the community and local preschools. All children were 3-6 years old and none had entered first grade at the time of the initial assessment. Since the non-injury group differed on a number of variables, a covariate was utilized in analysis. Mother's education was used as the variable most strongly related to the children's intellectual and academic functioning, and the data was available on all subjects. Group demographics are reported in Table 1 .
For the purposes of this study, mild TBI was classified as minimal (no loss of consciousness (LOC); confusion with or without amnesia up to 5 min), very mild (no LOC; 5-60 min of confusion with amnesia), and mild (LOC less than 30 min; Glasgow Coma Scale (GCS) of 13 to 15; post-traumatic amnesia (PTA) less than 24 h; CT scan negative). Moderate TBI was defined by LOC of 30 min-24 h; GCS of 9-12; PTA greater than 24 h and less than 7 days. Most children fell in the latter two categories. Mild to moderate injuries to other body regions were classified with the Injury Severity Scale (Baker, O'Neill, Haddon, & Long, 1974) , the most commonly used index of overall injury severity.
Mechanism of injury varied within both injury groups. The majority of traumatic brain injuries were a result of motor vehicle accidents (n = 10), followed by falls (n = 6), pedestrian versus motor vehicle accidents (n = 4), bicycle accidents (n = 3), bicycle versus motor vehicle accidents (n = 2), being struck by person/object (n = 2), a dirt bike accident (n = 1), and an all terrain vehicle accident (n = 1). The majority of other injuries were a result of falls (n = 18). Other mechanisms resulting in injury included being struck by a person/object (n = 4), bicycle accidents (n = 2), lawn mower accidents (n = 2), dog bites (n = 2), a motor vehicle accident (n = 1), a pedestrian versus motor vehicle accident (n = 1), an all terrain vehicle accident (n = 1), an all terrain vehicle versus motor vehicle accident (n = 1), and a burn (n = 1).
Children with pre-existing medical or neurological disorders were excluded from the study. No attempt was made to exclude children reported as having behavioral problems, although children with severe psychiatric disorder were excluded. Similarly, children with developmental lags and children who received early intervention were not excluded, although children with mental retardation and severe neurological/cognitive problems were excluded. This policy was determined, in part, for practical reasons. Children who are injured during the preschool period comprise a rather small, finite population. More importantly, children with reported developmental lags and/or behavioral issues make up many, if not most, of the cases of TBI, and deserve to be more carefully studied. Finally, the ultimate outcome of these problems may have been insignificant. A child who is oppositional at age 3 or has speech articulation problems at age 4 may not have any significant problems when in school. Since parents were managing these problems at the time of the injury, the issues may have been magnified in the parents report, perhaps only to be minimized years later.
An attempt was also made to exclude any child with a suspicious history of abuse. As abuse is a phenomenon that eludes detection, it is difficult to be fully certain that all cases were excluded. The trauma team had a carefully developed, multi-disciplinary consultation program composed of numerous professionals who specialized in abuse. The team was likely to have screened out most cases. None of the enrolled children underwent, or were considered for, evaluation through the hospital's Family and Youth Services.
Procedures
All age-appropriate admissions to the pediatric trauma units were tracked for potential study eligibility. Parents of children 3-6 years old, with mild to moderate injuries were approached during their child's hospitalization, and asked to participate in a study assessing short-term adjustment following injury. Initial procedures included: (a) a review of the child's medical chart; (b) a parent interview; and (c) a short form to obtain a medical, developmental, and psychiatric history not included in the medical chart. As soon as children who met eligibility criteria were medically stable and informed consent had been granted, a standard neuropsychological evaluation was administered. The battery was designed to include assessment subtests that spanned the 3-6 age range, were easy to administer at bedside, and would rely less on transient cognitive disruption for assumed stable cognitive variables. The neuropsychological assessment included: (a) the Children's Orientation and Amnesia Test (Ewing-Cobbs, ), a reliable index of post-traumatic amnesia in children which measures general orientation, as well as immediate and remote memories; (b) the Stanford-Binet Intelligence Scale IV (Thorndike, Hagen, & Settler, 1986) , subtests Vocabulary, Comprehension, Absurdities, and Pattern analysis; (c) the Bracken Basic Concept Scale (Bracken, 1984) , the "School Readiness Composite" to screen for pre-academic concept attainment; and (d) NEPSY: A Developmental Neuropsychological Instrument (Korkman, Kirk, & Kamp, 1997) , subtests Visual attention, Statue, Comprehension of instructions, Verbal fluency, Visuomotor precision, Imitating hand positions, Design copying, Narrative memory, and Sentence repetition.
All parents were asked to fill out Behavioral Rating Scales including: (a) the Child Behavior Checklist (Achenbach & Edelbrock, 1986 ), a well-validated parent report of a child's social competence, as well as emotional and behavioral adjustment; (b) the Attention Deficit Disorders Evaluation Scale (McCarney, 1995) a measure to assess inattention, hyperactivity, and impulsivity; and (c) the Conners' Global Index-Parent Version (Conners, 1997) , a brief measure, effective for monitoring behavior change over time, including factors of restlessness, impulsivity, and emotional lability. The parents were also asked to complete the Parenting Stress Index (Abidin, 1995) , which divides into 13 subscales (child characteristics: Distractibility/ hyperactivity, Adaptability, Reinforces parent, Demandingness, Mood, Acceptability; Parent variables: Competence, Isolation, Attachment, Health, Role Restriction, Depression, Spouse), and two domain scores (Parent domain and Child domain). The Life Stress Scale of the Parenting Stress Index provides an index of stress outside the parent-child relationship and the Defensive Responding Scale indicates whether an individual may be responding in a defensive manner. The Post-Concussion Symptom Checklist (Arffa, unpublished) , a 19-item parent report checklist was also administered. This measure asks parents to rate the most common post-concussion symptoms, including headaches, dizziness, and sensitivity to light and noise, on a 5-point Likert Scale.
Parents were instructed to fill out these forms considering their child's pre-hospital status. While certainly a flawed measure of premorbid status, this procedure of assessing premorbid status is preferable to retrospective analysis later when memories may be more clouded.
For the TBI sample, a neuropsychological evaluation has been established as normal clinical practice and is routinely obtained. The procedure for this study departs from normal clinical practice only in the use of the four brief Behavioral Rating Scales and the Post-Concussion Checklist.
To assess the extent of persisting cognitive dysfunction in preschool TBI, the neuropsychological measures were repeated on all children 6 months after the initial assessment. Behavioral Rating Scales and the post-concussion assessment were also repeated at that time. Results of the assessment battery were provided to the parents of each participating child following the second evaluation.
Results
Behavioral measures: premorbid estimates
Parenting Stress Index (PSI)
An analysis of variance (ANOVA) showed a significant difference between groups on the Life Stress Scale (F(2,86) = 4.2, p < .05), and Tukey's post hoc analysis indicated that parents of TBI children reported significantly more stress than the children in the OI group (p < .05) and the NC group (p < .001). An ANOVA showed a significant difference between groups on the Defensive Responding Scale (F(2,86) = 4.2, p < .05), with the parents in the TBI group having a significantly higher rate of defensive responding than the parents in the NC group, suggesting that parents of TBI children may have underreported symptoms. Since analysis of the Defensive Responding Scale of the PSI indicated the possibility of parental underreporting of symptoms, correlations between scores on the Defensive Responding Scale and scores on all parent report questionnaires were examined. Significant correlations were followed by analyses of covariance to adjust statistically for between-group differences in defensive responding.
A multivariate analysis of covariance (MANCOVA), using the Defensive Responding Scale as a covariate, identified a significant covariate and group effect for the overall Child Domain Scale (F = (2,87) = 25.4, p < .001, r = .69; F = (2,86) = 7.8, p < .001) and Total Stress Scale (F = (2,87) = 53.8, p < .001, r = .63; F = (2,86) = 5.9, p < .001), but not the overall Parent Domain Scale. In addition, there were significant covariate and group effects for the Child Domain subtests of distractibility/hyperactivity (F = (2,87) = 16.7, p < .001, r = .44; F = (2,86) = 5.1, p < .005), adaptability (F = (2,87) = 18.7, p < .001, r = .48; F = (2,86) = 6.6, p < .005), demandingness (F = (2,87) = 21.1, p < .001, r = .51; F = (2,86) = 9.2, p < .001), and acceptibility (F = (2,87) = 22.8, p < .001, r = .48; F = (2,86) = 3.4, p < .05), as well as on the Parent domain subtests of Competence (F = (2,87) = 25.3, p < .001, r = .53; F = (2,86) = 8.3, p < .001) and Health (F = (2,87) = 37.6, p < .001, r = .59; F = (2,86) = 3.9, p < .05). Bonferroni post hoc contrasts revealed that children in the TBI group scored significantly higher than children in the NC group on distractibility/hyperactivity, adaptability, and acceptability. Children in the TBI group and OI group were found to be more demanding than children in the NC group. Parents from the NC group appeared to feel more confident in their parenting than parents in the TBI group and OI group. Parents from the OI group reported significantly better health than parents from the TBI group. Table 2 displays the means, standard deviations, and p-values.
Child Behavior Checklist (CBCL)
A MANCOVA, using the PSI Defensive Responding Scale as a covariate, was conducted on both of the Broad Band Scales (internalizing and externalizing), the Total Problems Scale, and all of the Syndrome Scales of the Child Behavior Checklist. Significant covariate and group effects were found for the Externalizing Scale (F = (2,86) = 11.4, p < .001, r = .42; F = (2,86) = 5.4, p < .01) and Total Problems Scale (F = (2,86) = 10.6, p < .001, r = .43; F = (2,86) = 6.5, p < .01). A significant group effect was found for several of the syndrome scales including Somatic complaints (F = (2,86) = 3.6, p < .05), Social problems (F = (2,86) = 6.8, p < .01), and Delinquent behavior (F = (2,86) = 4.0, p < .05). Bonferroni post hoc contrasts indicated that the TBI and OI groups scored significantly higher than the NC group on the Delinquent Behaviors Scale and the Social Problems Scale. The OI group scored significantly higher than the NC on the Externalizing Scale and Total Problems Scale. There was also a trend toward the NC group having less reported somatic problems than the OI group. Table 3 displays the means, standard deviations, and p-values.
Conners' Global Index
A MANCOVA, using the PSI Defensive Responding Scale as a covariate, was conducted on subscale scores as well as the overall total score. Results were not significant.
Attention Deficit Disorders Evaluation Scale (ADDES)
A MANCOVA, using the PSI Defensive Responding Scale as a covariate, was conducted on subscale scores and on the mean overall percentile score. Results were not significant. 
Acute neurocognitive sequelae
Children's Orientation and Amnesia Test (COAT)
An ANOVA showed a significant difference between groups on the COAT (F(2,94) = 22.3, p < .001) during acute assessment. Tukey's post hoc analysis indicated that children in the TBI group (M = 94.15, S.D. = 20.27) performed significantly worse than children in the NC group (M = 119.19, S.D. = 11.76) and the OI group (M = 115.87, S.D. = 13.13) on tests of orientation and amnesia.
Stanford-Binet
As many of the children in the OI group were unable to perform paper and pencil tasks due to hand or orthopedic injuries, verbal scales were analyzed separately from performance related scales to maximize power. A MANCOVA, using the mother's education as a covariate, was conducted on the Verbal Area Score and verbal subtest scores of the Stanford-Binet. Significant covariate and group effects were found on the estimated Verbal Area Score (F = (2,89) = 8.3, p < .001, r = .62; F(2,89) = 20.3, p < .001) and Vocabulary subtest (F = (2,89) = 9.0, p < .001, r = .64; F(2,89) = 11.8, p < .001). Significant group effects were evident for the Comprehension subtest (F(2,89) = 10.8, p < .001) and Absurdities subtest (F(2,93) = 12.6, p < .001). A second MANCOVA yielded significant covariate and group effects on the estimated Composite Score (F = (2,75) = 7.0, p < .01, r = .43; F(2,75) = 20.5, p < .001). Significant group differences were evident on the Pattern analysis subtest (F(2,75) = 7.5, p < .001). Post hoc contrasts (Bonferroni) indicated that children in the NC group performed significantly better than children in the TBI group and the OI group on Verbal IQ, Full-Scale IQ, the Comprehension subtest, and the Absurdities subtest. Children in the NC group performed significantly better than children in the TBI group on the Vocabulary subtest and Pattern analysis subtest. Table 4 displays the means, standard deviations, and significance.
Bracken Basic Concepts Scale
An ANCOVA, using the mother's education as a covariate, showed a significant covariate effect (F = (2,89) = 9.7, p < .005, r = .52) and significant difference between groups on the Bracken (F(2,89) = 9.7, p < . 
NEPSY
As many children in the OI group were unable to perform paper and pencil tasks because of hand or orthopedic injuries, verbal scales were analyzed separately from the performance related scales to maximize power. A MANCOVA, using the mother's education as a covariate, was conducted on verbal subtest scores of the NEPSY and a significant difference between groups was evident on Comprehension of Instruction (F(2,89) = 10.7, p < .001), Verbal fluency (F(2,89) = 12.3, p < .001) and Narrative memory (F(2,89) = 8.5, p < .001). A significant covariate and group effect was evident on Sentence Repetition (F = (2,89) = 13.2, p < .01, r = .55; F(2,89) = 10.3, p < .001). A second MANCOVA yielded significant group differences on Visuomotor Precision (F(2,62) = 11.0, p < .001) and Design Copy (F(2,62) = 9.2, p < .001). A significant covariate and group effect was evident on Visual Attention (F = (2,62) = 4.4, p < .05, r = .54; F(2,62) = 13.8, p < .001). On the Narrative Memory and Sentence Repetition subtests, Bonferroni post hoc comparison analysis indicated that the NC group and OI group performed significantly better than the TBI group. On the Verbal fluency, Visuomotor precision, and Design copy subtests, a Bonferroni post hoc comparison analysis indicated that children in the NC group performed significantly better than children in the TBI group and the OI group. On the Comprehension of Instruction and Visual Attention subtests, a Bonferroni post hoc comparison analysis indicated that children in the NC group performed significantly better than children in the TBI group. There were no group differences on the Imitating Hand Positions subtest. Table 5 displays means, standard deviations, and significance.
Post-Concussion Symptom Checklist
Parents were asked to rate the level of post-concussive symptoms experienced in the acute aftermath of trauma. A MANCOVA and Bonferroni post hoc contrasts, using the PSI Defensive Responding Scale as a covariate, indicated significant group differences on 4 of the 19 individual items, as well as a significant covariate effect on one measure, "tired". Significant items included numbers 3 (headache, F(2,76) = 3.1, p < .05), 8 (tired F = (2,76) = 6.0, p < .05, r = .39; F(2,76) = 5.3, p < .01), 10 (easily upset, F(2,76) = 3.5, p < .05), and 18 (sad, F(2,76) = 4.5, p < .05). Children in the TBI group had more headaches than children in the NC group. Children in the TBI and OI groups became tired more easily than children in the NC group. Children in the OI group became upset more easily and were sad more often than children in the NC group.
Group differences at 6-month follow-up: changes in neurocognitive status
Children's Orientation and Amnesia Test
A MANCOVA on the difference scores was used to compare the general orientation section, memory section, and overall standard score of the COAT in the three groups across time 1 and 2, with mother's education as a covariate. Significant univariate results were followed with a Bonferroni post hoc assessment. There was a significant group effect on the General Orientation section (F = (2,75) = 4.6, p < .05, r = .51; F(2,75) = 5.5, p < .01), with the TBI group improving more than the NC and OI groups. The group effect on the memory section was not significant. There was a significant group effect on the COAT Standard Score (F(2,75) = 5.6, p < .01), with the TBI group improving more than the OI group.
Stanford-Binet
As many children in the OI group (acutely) were unable to perform paper and pencil tasks due to their injuries, verbal scales were analyzed separately to maximize power. A MANCOVA on the difference scores, using the mother's education as a covariate, was conducted on Verbal IQ and the verbal subtest scores of the Stanford-Binet. No significant group effects were found. A separate MANCOVA was conducted to assess the difference scores on the Full-Scale IQ and the Pattern analysis subtest. Mother's education was again used as a covariate. Significant group effects were found on both tests (F(2,62) = 3.6, p < .05; F(2,62) = 3.2, p < .05), with children in the TBI group alone improving over children in the other groups. While the OI group also improved on both of these measures, the sample size was small (due to the type of injuries incurred), and therefore, the results did not achieve significance.
NEPSY
As many children in the OI group (acutely) were unable to perform paper and pencil tasks because of hand or orthopedic injuries, verbal scales were analyzed separately from performance related scales to maximize power. A MANCOVA on the difference scores, using the mother's education as a covariate, was conducted on Comprehension of Instruction, Verbal fluency, Narrative memory, and Sentence repetition. No significant group effects were found. A second MANCOVA on the difference scores, using the mother's education as a covariate, was conducted on Visuomotor Precision, Visual Attention, and Design Copy. No significant group effects were found, although Design Copy approached significance with children in the TBI group improving more than children in the OI group.
Bracken Basic Concepts Scale
An ANCOVA on the difference scores, using the mother's education as a covariate, was conducted on the Bracken overall standard score. The group effect was significant (F = 4.1(2,73), p < .05), with children in the TBI group improving more than children in the OI group.
Post-Concussion Symptom Checklist
A MANCOVA on the difference scores (and Bonferroni post hoc contrasts), using the PSI Defensive Responding Score as a covariate, indicated significant group effects on 2 of the 19 individual items, numbers 10 (easily upset, F(2,62) = 10.4, p < .001) and 11 (Stomachaches, F(2,62) = 4.4, p < .05). Level of upset for children in the TBI group was reduced more significantly than in children in the NC and OI groups. Children in both the TBI and OI groups had a greater increase in stomachaches than children in the NC group. Table 6 shows mean change scores for the COAT, Stanford Binet, Bracken, and PostConcussion Symptom Checklist. 
Group differences at 6-month follow-up: changes in behavioral status
Parenting Stress Index
An ANCOVA of the difference scores, using the PSI Defensive Responding Scale as a covariate, showed no significant group effect. A MANCOVA on the difference scores, using the PSI Defensive Responding Scale as a covariate, was conducted on all subtest and the overall scores. Results showed no significant group effect.
Child Behavior Checklist
A MANCOVA on the difference scores, using the PSI Defensive Responding Scale as a covariate, was conducted on both of the Broad Band Scales (internalizing and externalizing), the Total Problems Scale, and all of the Syndrome Scales. Results showed no significant group effects.
Conners' Global Index
A MANCOVA on the difference scores, using the PSI Defensive Responding Scale as a covariate, was conducted on subscale scores as well as the overall total score. Results showed no significant group effects.
Attention Deficit Disorders Evaluation Scale
A MANCOVA on the difference scores, using the PSI Defensive Responding Scale as a covariate, was conducted on subscale scores and the mean overall percentile score. Results showed no significant group effects.
Discussion
Behavioral finding
Although conflicting evidence exists as to whether school-aged children have pre-existing behavioral compromise, several studies seem to support the position that behavior problems are, in fact, present prior to the injury (Bijur & Haslum, 1995; Brown et al., 1981; Chadwick et al., 1981a,b; Klonoff, 1971; Klonoff & Paris, 1974; Asarnow et al., 1995; Craft, Shaw, & Cartlidge, 1972; Rutter et al., 1980) . There is little research relevant to the preschool age range. The present study seems to support the position that preschoolers who sustain mild to moderate injury have higher rates of pre-existing behavior problems, than non-injured preschool children.
The parents of TBI, but not OI, children reported more behavioral problem symptoms during medical history examination. Results from behavioral rating scales indicated that children in both injury groups had a statistically equivalent rate of behavior problems, but one higher than the controls. One measure suggested that parents of TBI preschoolers are more 'defensive' in reporting symptoms. Statistically correcting for this bias often led to a longer list of problem behaviors for the TBI group.
Measurement style seems to affect reporting accuracy. Interestingly, while parents of TBI children were more likely to under-report symptoms on formal checklists, they verbally described a longer list of symptoms during the more informal medical interview. Paper and pencil reports may generate parental defensiveness, suggesting that medical history may be more accurate in a hospital setting. This has significant relevance for research which "screens out" pre-existing behavioral morbidity through use of behavioral rating scales, at least in preschoolers. Underreporting is likely to lead to inclusion of behaviorally disturbed children in these studies.
Choice of instrument also appears to affect results. The two checklists that assessed the Attention Deficit Disorders (ADDES and Conners' Global Index) were below the clinical diagnostic cutoffs. This may be a function of underreporting not due to defensiveness. As with many behavioral measures, symptoms are rated on a continuum. In the preschool years when the children are at home, parents may not view the elevated level of motor activity and decreased attention as problematic or atypical. When children reach age six or seven and are exposed to the structure of the school environment, parent's perception of these same behaviors may differ, and ratings of pathology may increase. The lack of clinical significance may further be explained by parental underreporting not fully corrected by statistically 'removing' the effects detected on the PSI Defensive Responding Index.
This research suggests that the premorbid behavioral factors account for most of the problems recognized in the post-acute period as well. Most group differences noted acutely were still evident at 6-months post-injury. The behavior problems were recorded at the same rate after the TBI, suggesting that the neuropsychological effects of injury and the trauma of hospitalization actually had little lingering effect on behavioral sequelae. Most importantly, no worsening of behavioral and family presentation was noted at 6 months. Any later development of behavioral disorder would not be expected to be significantly tied to the TBI.
Higher rates of family stress and life event changes were reported by parents of TBI and OI children than by parents of the children in the NC group. The Life Stress Scale of the PSI examined factors that were independent of the injury, the hospitalization, and the parentchild relationship. The scale indicated higher levels of global life event stressors at the time of hospitalization. Moreover, the results of this study seem to indicate that stress is a static phenomenon. No significant changes in level of stress were evident in the 6-month interval between the evaluations.
To assess the effects of TBI severity, two additional analyses were conducted. The TBI group was divided into generally equal subgroups based on CT findings (positive or negative) and on history of loss of consciousness (positive or negative). While this substantially reduced sample size and equivalence of groups, it does provide some insight into this important variable. For all behavioral and parenting measures, there was no change from the initial results. This suggests that even more moderate TBI's equate to static levels in stress, behavioral variables, and other family factors, at least at 6-months post-injury.
Neurocognitive findings
Children who get injured clearly have a higher rate of pre-existing developmental delays (as measured by participation in early intervention) and lower scores on cognitive and early achievement measures than non-injured preschool-aged children. These results were maintained on follow-up. Michaud et al. (1993) reported that children in special education classes have a higher incidence of preschool TBI than children in regular classes. However, that study was retrospective, inferring damage long after the TBI occurred. The results from the present study would suggest these cognitive problems and academic delays existed prior to the injury. There was a significant difference between the TBI group and the NC group in parental level of education, yet after statistically controlling for this factor, injured children still performed significantly below non-injured children (MANCOVAs were performed on all measures but not reported in results section). The findings of this study are consistent with studies reporting premorbid developmental difficulties (e.g. Bijur & Haslum, 1995) , specific learning problems (Klonoff & Paris, 1974) , language problems (Mahoney et al., 1983) , and lower academic achievement (Chadwick et al., 1981a,b) in school-aged traumatic brain injury samples.
Children with TBI did function worse than the non-injured group of children on Nonverbal IQ and sustained attention. They also functioned worse than both comparison groups on assessments of visual attention, memory, and pre-academic skills.
Children with mild to moderate TBI's did not appear to suffer long-term cognitive compromise. Since change is most evident during the first 6 months following a mild to moderate TBI (Arffa, 1998; Ewing-Cobbs et al., 1997; Semrud-Clikeman, 2001; Snow & Hooper, 1994) , comparing the initial evaluation with the 6-month assessment helped to identify TBI effects. TBI children clearly sustained cognitive compromise as a result of their injury. Most of the data indicate that the compromise was temporary and that these children did appear to recover significantly within 6 months of the injury. Significant improvement in overall orientation, pre-academic skills, and perhaps Non-verbal and Composite IQ, was not a general effect of hospitalization. If it were a general effect, the OI group would have exhibited a similar pattern of improvement. Some improvement was evident in the OI group, but the improvements in the TBI group were more widespread. The exception may be the Non-verbal IQ variables, which may be distorted due to low sample size in the OI group. The OI group demonstrated improvement in the area of Non-verbal IQ, which may have been related to orthopedic injuries.
When comparing the two injury groups, the TBI group exclusively improved on measures of overall orientation and pre-academic skills. Surprisingly, the NEPSY neuropsychological scales did not evidence improvement. To assess the effects of TBI severity on neurocognitive function, two additional analyses were conducted. The TBI group was divided into subgroups based on CT findings and on history of loss of consciousness. While this substantially reduced sample size and equivalence of groups, it did provide further insight into important neurocognitive variables. In this condition, Design Copy and Sentence Repetition subtests of the NEPSY were more significantly improved for the "moderate" TBI sample. There was no change from the initial results in the milder TBI sample. This suggests that even these deficits may have been pre-existing. It is not known whether the "moderate" TBI's would show further improvement later.
Overall, there was no evidence to suggest that the preschooler's brain is any more sensitive to milder TBI than that of other age groups. This short-term follow-up suggests that preschoolers with mild to moderate TBI behave much like older children and adults, recovering well within 6-months post-injury. Most sequelae, especially behavioral sequelae, appear to have been preexisting. The fact that the TBI group actually improved in pre-academic skill development (The Bracken) seems to contradict the notion that reading would be specifically impaired because of early injuries, as found in the study by Gronwall et al. (1997) .
Implications for clinical practice
To assess whether a measure is sensitive to traumatic brain injury, TBI groups should perform lower than both comparison groups at the acute testing, but no different from at least the OI group at the time of the follow-up evaluation (assuming that most mild to moderate TBI recovery is complete by 6-months post-injury). The only measures to fulfill this criterion were the Children's Orientation and Amnesia Test and the Bracken: School Readiness Composite (and Design Copy and Sentence Repetition subtests of the NEPSY when accounting for the effect of severity). In addition, on the Post-Concussion Symptom Checklist, the item measuring "Level of Upset", also fits this criterion. It certainly makes clinical sense that measures of orientation, attention, short-term memory, and a post-concussive measure are sensitive to the acute effects of traumatic brain injury. Results on the Bracken, however, make little clinical sense and are likely related to an artifact of this sample, the higher rate of early intervention in the TBI sample. Tests relatively insensitive to the effects of TBI would be those showing no change. These would include the Stanford-Binet Verbal IQ, the Stanford-Binet Comprehension and Absurdities subtests, and the NEPSY Comprehension of Instructions and Narrative Memory subtests. Verbal measures are often considered more stable in response to TBI than measures requiring active problem solving, learning, or memorizing. Most of these measures fit this profile. Practically, measures promising for use in a preschool traumatic brain injury assessment battery include the COAT, the NEPSY Design Copy and Sentence Repetition subtests, and perhaps the Stanford-Binet Pattern analysis subtest and composite Full-Scale IQ.
Implications for research
The findings of this study also have implications for traumatic brain injury research. Most studies separate "normal" children from those with a history of cognitive and behavioral problems or previous TBI. This study suggests that the children with these types of histories are the ones sustaining injuries and having the later problems. By excluding these children, the research sample is not truly representative of the pediatric TBI population.
At the time of the follow-up evaluation, children in the TBI group and OI group looked similar, suggesting no lingering effects of the TBI, especially for the milder TBI's. However, both TBI and OI children were still not performing as well as the children in the NC group on some measures. This can best be explained by group differences. The NC group was not only superior to both injury groups prior to the accident, but also benefited more over time. Attempts were made to equate these groups statistically, but differences were still recognized. This emphasizes the real difficulty in obtaining a truly equivalent non-injury control group for injury samples.
A significant majority of the children in the OI group required surgery for their injury. The lingering effects of the anesthetic or the pain medication given following the operation may have significantly impaired the children's performance at the time of the initial assessment. Improvement may have occurred as a function of recovery from the injury itself, especially orthopedic injuries which compromise performance function. The issue of obtaining an "other injury" comparison group to control for hospitalization may be particularly difficult for a preschool population. In a school-aged sample, orthopedic controls are often used. Preschoolers, however, have more pliable bones and therefore do not break them as often. When a break does occur, it is generally a supracondylar (elbow) fracture, a complicated fracture that generally requires immediate surgery. This is further complicated by the fact that parents tend to be more protective of preschool-aged children than school-aged children. As a result, they are more hesitant to subject their preschool-aged child to unnecessary testing, and are more likely to discourage effort if they consent to testing.
The advantages of this study were the comprehensiveness of assessment in this under researched age range and the presence of follow-up. Limitations in this study include the relatively small sample size, the fact that premorbid estimates were retrospective in nature (even though they were obtained immediately following injury), and that the TBI sample was more cognitively impaired prior to the TBI than other groups. Attrition was present, but attempts were aggressive in controlling this. In addition, preliminary analyses did not identify any unique age, gender, ethnicity, SES, injury-related, or psychometric findings in the subgroup that "dropped out".
More extensive longitudinal research is necessary in order to assess fully the effects of TBI as a function of premorbid factors. Children with compromised premorbid functioning would need to be identified early and followed through their teen-age years. These children would naturally divide into two distinct groups, those who sustain TBI and those who do not. Progress of both groups would then need to be followed over time. This type of research would provide valuable information on implications of age of injury as well as the effects and implications of TBI, the role of premorbid factors, and possible long-term consequences.
